Asian dust events are now considered an environmental problem rather than a natural seasonal phenomenon. In this study, we evaluated the associations between daily adverse health effects and Asian dust events in Yonago, Japan. Participants included 54 healthy volunteers, who were distributed survey sheets on nasal, ocular, respiratory, and skin effects in February 2009. Moreover, we collected meteorological and air pollutant (nitric oxide, sulfur dioxide, suspended particulate matter) data and determined pollen and metallic element concentrations in total suspended particulates. Both soil-derived metals (Fe, Ca, Al) and contaminating metals (Pb, Cr, Mn, Ni, Zn) were significantly increased on Asian dust days. Multiple regression analyses showed that the score of the skin effect was significantly associated with the levels of suspended particulate matter and Ni. The results show that increased air pollutants on Asian dust days may have skin effects.
Introduction
Asian dust, called "Kosa" (yellow sand) in Japan, results from the long-range transport of atmospheric dust originating in the Taklamakan Desert, Gobi Desert, and Loess Plateau in inland China. Mineral or soil particles blown into the atmosphere by winds are carried by westerly winds and often reach Northeast Asia, including Japan. This phenomenon is frequently observed in spring and, sometimes, in late fall, in Japan. These events are considered an environmental problem resulting from human activities (eg, soil degradation, desertification) and do not simply represent natural seasonal phenomena. In addition, the occurrence of these events is associated with health issues throughout Northeast Asia. Changes in air quality occurring as a result of climate change will affect human health. 1 A study has reported that particulate matter with aerodynamic diameters of less than 10 µm can be significantly increased in affected urban areas during Asian dust events. 2 The particulates of the dust are principally composed of rock-forming minerals such as quartz and feldspar and clay minerals such as mica, kaolinite, and chlorite. Analysis of Asian dust particles has shown the presence of ammonium, sulfate, and nitrate ions and metallic compounds that do not originate from the soil. It has been suggested that Asian dust particles adsorb anthropogenic atmospheric pollutants during transport. Moreover, it has been shown that Asian dust contains heavy metals originating from industrial sources. 3 Previous studies have reported adverse health effects (AHEs) associated with such increases in particulate pollution in Korea and Taiwan. 4, 5 We have previously reported associations between skin symptoms and Asian dust events. 6 Furthermore, another report used immunological responses to examine the toxicological impact of Asian dust particulates on skin health. 7 However, it is unknown what factors in the Asian dust influence this important organ of the body. Hence, an examination of diverse atmospheric pollutants is necessary. 8 Therefore, focusing on Asian dust particulates and components adhering to the Asian dust, we evaluated the associations between daily AHEs, especially skin effects, and Asian dust events to determine whether particular factors were linked to the AHEs. Figure 1 shows the locations at the site (Yonago, Japan) used for sampling. These sites are not industrial zones and are 2 of the regions with the most frequent Asian dust events in Japan. Study participants lived in Yonago City in the western part of the Tottori Prefecture, Japan.
Methods

Location of Observation Site
Survey Participants
The survey participants were 54 healthy volunteers (31 men, 23 women; mean age ± SD = 36.2 ± 12.5 years) who were nonsmokers and had no severe allergy diseases. The participants lived in Yonago City and were employed as office workers. We explained the study to the participants and obtained their informed consent to participate in the study. In February 2009, the participants were sent surveys covering the following AHEs: nasal (sneezing, nasal discharge, congestion, and itching), ocular (itching, lacrimation, hyperemia, and bleary eyes), respiratory (breathlessness, chest pain, chest discomfort, and dyspnea), and skin (itching, eczema, pain, and reddish skin) effects. The severities of the health effects were quantified using a visual analog scale. The scores of the health effects are as follows: 1 = slight, 2 = mild, 3 = moderate, 4 = severe, and 5 = extreme. The scores of the health effects were calculated as the mean number of points per AHE per person. Questions about the participants' history of allergies, colds, and influenza were included in the questionnaire. The data for 3 male participants were excluded from the analysis because they had experienced one of these diseases in the past month. The questionnaire survey was conducted in the diary form. The study was reviewed and approved by the Ethical Committee of the Faculty of Medicine, Tottori University.
Air Pollution Index Data and Meteorological Information
Meteorological data, including pollen, suspended particulate matter (SPM; particle size <10 µm), nitric oxide (NO 2 ), sulfur oxide (SO 2 ), maximal temperature, average atmospheric pressure, and relative humidity, in Yonago were obtained from the Tottori Prefectural Institute
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of Public Health (SPM, NO 2 , and SO 2 ) and the Japan Meteorological Agency (Asian dust day, temperature, pressure, and humidity). Yonago is not an industrial area, and SPM is only increased by Asian dust events. SPM, NO 2 , and SO 2 data were obtained every 1 hour at 2 places for greater accuracy. SPM data were measured by the β-ray absorption method; NO 2 data by ultraviolet fluorescence (GFS-327, TOA DKK, Tokyo, Japan); and SO 2 data by a chemiluminescence method (GLN-354, TOA DKK, Tokyo, Japan). The drift hazard of Japanese cedar pollen increases from February to April around the same time as the occurrence of Asian dust events in Japan.
Daily Sampling for Metallic-Element Concentrations in Total Suspended Particulates
Total suspended particulates (TSPs; all atmospheric particles with a particle size <45 µm) were collected daily by a high-volume air sampler (Model-120FT; Kimoto, Osaka, Japan; 900 L/min, 24 hours) located on the rooftop of a high school near the participants' office (N 35.26, E 133.20; 42 m above sea level; Yonago). A quartz fiber paper filter (Pallflex 2500QAT; Pall Corp, Port Washington, NY) was used for collection. TSP samples were obtained for 6 Asian dust days and 17 of 22 non-Asian dust days in February 2009.
Inductively Coupled Plasma Atomic Emission Spectroscopy Analysis
The sample filters were cut into quarters and added to a Teflon digestion vessel with 6 mL of HNO 3 (ultra-trace analysis grade, Wako), 1 mL of concentrated H 2 O 2 (Wako), and 3 mL of HF (ultra-trace analysis grade, Wako). The sample was dissolved by heating with a microwave heating system (MARS-X, CEM) for 1 hour after the reaction was initiated. The solution was 
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Asia-Pacific Journal of Public Health 27 (2) filtered with a No. 5B filter and evaporated on a hotplate set at 170°C. After cooling, the solution was dried with 0.5 mL of HNO 3 and diluted to 25 mL with distilled deionized water. In total, 10 elements (Al, Fe, Mn, Mg, Ca, Cr, Ni, Pb, Zn, and Cd) were measured by inductively coupled plasma atomic emission spectroscopy (Model SPS3520UV; SII NanoTechnology, Chiba, Japan). The detailed analytical procedures have been described earlier. 9 
Statistical Analyses
The environmental factors, meteorological data, and metal levels on Asian dust days were compared with those on non-Asian dust days using the Student's t test. To examine the relationships among environmental factors and subjective AHEs, multiple regression analyses were conducted. For independent variables, the values of pollen, SPM, NO 2 , SO 2 , maximal temperature, relative humidity, and average atmospheric pressure were compared with subjective AHEs based on the daily questionnaires. A latency period exists for an allergy. Hence, to examine whether allergy reactions had delayed effects over a period of several days, we examined the relationship between the score and various environmental factors (ie, pollen, SPM, NO 2 , and SO 2 ) using 2 different approaches. In the first approach, both the score and the data for the different environmental factors were from the same day (ie, same-day exposure). However, in the second approach, for a score on a particular day, the values for the different environmental factors were derived from averaging the data from the same day and the previous day (ie, the average of same-day exposure and the previous day's exposure).
By assuming that the SPM values were average values for Asian dust, the correlation between the TSP concentrations and SPM values was examined. Moreover, the correlations of subjective AHEs of the skin and the amounts of the analyzed metals were examined. Metal data were obtained for 23 days in February 2009. All the data analyses were performed using SPSS 13.0 for Windows (IBM SPSS Inc, Chicago, IL). Values of P < .05 indicated statistical significance.
Results
A total of 6 Asian dust days (visibility of less than 10 km) were identified by the Japan Meteorological Agency from February 1 to 28, 2009. Table 1 shows the environmental factors and meteorological measurements in Yonago for the Asian dust and non-Asian dust days. The Onishi et al NP1723 average SPM level was significantly higher (P < .001) for Asian dust days than for the non-Asian dust days. There were no significant differences in pollen, NO 2 , SO 2 , maximal temperature, atmospheric pressure, and relative humidity between the Asian dust and non-Asian dust days.
There was a correlation between the TSP and SPM levels (r 2 = 0.6794, P < .001). Because there were some missing values for the TSP data, this correlation allowed the SPM data to be used in the statistical analyses as an indicator of Asian dust. Table 2 shows the partial regression coefficients for AHEs associated with environmental factors. In the multiple regression analyses, the pollen level was significantly associated with the score of the nasal and ocular effects (P < .001). In addition, the SPM level was significantly associated with the score of the skin effect (P < .05), which was increased significantly after exposure to SPM. The SPM level was negatively associated with the score of the nasal effect.
Both the levels of soil-derived metals (Fe, Ca, and Al; P < .001) and contaminating metals (Pb, Cr, Mn, Ni, and Zn; P < .01 or P < .001) were increased on Asian dust days compared with those on non-Asian dust days (Table 3 ). Moreover, the mean level of Ni was significantly 
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Asia-Pacific Journal of Public Health 27 (2) associated with the score of the skin effect (Table 4 ). However, no other AHE was correlated with heavy metals (data not shown). The time series of hourly SPM and Ni levels in Yonago and the score of the skin effects from February 1 to 28, 2009, are presented in Figure 2 .
Discussion
Many studies have explored the acute health effects associated with short-term exposure to airborne particulates. 10 Recent epidemiologic studies have shown that Asian dust events coincide with increases in daily admissions and clinic visits for allergy diseases such as asthma, 11 allergic Onishi et al NP1725 rhinitis, 12 and conjunctivitis. 13 Some experimental studies have reported aggravating effects of Asian dust on allergen-induced eosinophilic inflammation in the murine airway. 14, 15 A previous report indicated that Asian dust causes deterioration in children with mild asthma. 16 In this study, we could not describe this effect of Asian dust for respiratory effects. The amount of Asian dust deposition (calculated using TSP) in February 2009 was 36 kg/km 2 /d (compared with 132 kg/ km 2 /d in 2007), implying that nonheavy quantities of Asian dust cause low levels of AHEs, especially respiratory effects. Moreover, since this study investigated healthy people, all the AHEs had low scores. We have previously reported associations between skin symptoms and Asian dust events. 6 In this study, we obtained the same results by multiple regression analyses. Our results provide preliminary evidence that the effects of Asian dust on skin effects are caused by the contaminating metals. Analyses of Asian dust particles have revealed the presence of Pb, Cr, Cd, Ni, and Zn, which are not considered to originate from soil. It has been suggested that Asian dust particles may adsorb anthropogenic atmospheric pollutants during transport. 17 In our study, the levels of Ni on Asian dust days were significantly associated with the score of the skin effect. Ni is one of the representative metals that causes contact dermatitis. 18 This study showed that the skin effects from Asian dust may be caused by Ni, although another factor may be the physical irritation from the dust particles. Further study is needed to examine the relation between Ni (increased with Asian dust) and skin effects. This study is also a pilot study, so that its implications should be further verified. We would like to increase the number of participants and to consider performing a time-series analysis.
The limitations of our methodology include the use of environmental and meteorological monitoring data in Yonago as a surrogate for actual exposure. Most of the participants in this study were indoor workers. Therefore, the effects of Asian dust on the AHEs may be underestimated. We did not investigate organic compounds such as fungi and bacteria, which may adhere to Asian dust. 19, 20 It is likely that such organisms have influences on the human body.
Conclusions
We evaluated the associations between daily AHEs and Asian dust events in Yonago, Japan. This study showed that heavy metals in Asian dust are partly responsible for the adverse effects on human health. Further studies are required to investigate the impact of Ni in Asian dust on skin effects.
